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that are formed on the epitaxial layer. The source electrode (4)
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1
SEMICONDUCTOR APPARATUS AND
METHOD FOR MAKING SEMICONDUCTOR
APPARATUS

TECHNICAL FIELD

The present invention relates to a semiconductor apparatus
and a method for making the semiconductor apparatus, and
especially to a semiconductor apparatus and a method for
making the semiconductor apparatus that are capable of eas-
ily removing, by an appearance check, a semiconductor appa-
ratus including an abnormal growth portion in an operating
region.

BACKGROUND ART

As one of high-speed Field effect transistors (FETs) with
excellent breakdown tolerance, there is a field effect transistor
using a gallium nitride (GaN) based semiconductor material
having wide-bandgap characteristics. The field-effect transis-
tor using GaN is used for, for example, a high-frequency
amplifier, a high power amplifier, and a power switching
device. However, itis difficult to fabricate a GaN substrate for
epitaxial growth of such a structure, thus in many cases, GaN
is epitaxially grown on an SiC substrate, sapphire substrate,
and an Si substrate, for example. At this time, an abnormal
growth portion may be generated on the surface of a GaN
epitaxial film depending on a substrate used for growing GaN
and growth conditions.

Possible causes of forming an abnormal growth portion
103 are a defect (micropipe) in an SiC substrate 101 where a
GaN film 102 is grown and abnormal growth around a minute
dustadhered during the growth. The abnormal growth portion
could be formed on a GaN film that is epitaxially grown on an
Si substrate and a sapphire substrate and on an SiC film that is
epitaxially grown on an SiC substrate.

Patent Literature 1 discloses a technique relating to a high
power transistor that is capable of reducing drain-to-source
capacitance by dividing a drain electrode into two. Moreover,
Patent Literature 2 discloses a technique in which drain elec-
trodes and source electrodes are formed in lattice to reduce
parasitic capacitance in the drain electrodes and the source
electrodes.

CITATION LIST
Patent Literature

Patent Literature 1: Published Japanese Translation of PCT
International Publication for Patent Application, No. 2008-
518462

Patent Literature 2: Japanese Unexamined Patent Application
Publication No. H5-190574

Non Patent Literature

Non Patent Literature 1:Y. Inoue, S. Masuda, M. Kanamura,
T. Ohki, K. Makiyama, N. Okamoto, K. Imanishi, T.
Kikkawa, N. Hara, H. Shigematsu, and K. Joshin, “Degra-
dation-Mode Analysis for Highly Reliable GaN-HEMT”,
MTT-S 2007, Digest pp. 639

Non Patent Literature 2: F. Yamaki, K. Ishii, M. Nishi, H.
Haematsu, Y. Tateno and H. Kawata, “Leakage Current
Screening for AlGaN/GaN HEMT Mass-Production”, CS
MANTECH Conference 2007, Digest pp. 95
FIG. 10 is a diagram for explaining an abnormal growth
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diagram is a top view, and the lower diagram is a cross-
sectional diagram. As shown in FIG. 10, when the GaN film
102 is epitaxially grown on the SiC substrate 101, the abnor-
mal growth portion 103 is formed depending on the growth
conditions. The abnormal growth portion 103 has a rounded
hexagon shape, and the abnormal growth portion 103 has a
diameter of about 40 pm or greater when approximated to a
circle, depending on the growth conditions though. The thick-
ness of the abnormal growth portion 103 is about 50 to 100 nm
from the surface of the GaN film 102. Under the same growth
conditions for the GaN film 102, an abnormal growth portion
having almost the same size is formed on one wafer and on
wafers that are processed in different batches.

When the gate ofan FET is formed on the abnormal growth
portion at the time of forming an FET, an increase in gate
leakage and pinch-off failure is generated (see Non Patent
Literatures 1 and 2). On the other hand, when the gate of an
FET is not formed on the abnormal growth portion, there are
no abnormalities confirmed such as an increase in gate leak-
age and pinch-off failure that are caused by the abnormal
growth portion. Here, even when a source electrode and a
drain electrode are formed on the abnormal growth portion,
there will be no abnormalities in electrical characteristics
such as DC characteristics. However, the source electrode and
the drain electrode, which are ohmic contacts, formed on the
abnormal growth portion could influence long-time reliabil-
ity. It is therefore necessary to prevent an abnormal growth
portion from existing in an operating region of an FET. For
this reason, it is necessary to remove an FET including an
abnormal growth portion in an operating region by an appear-
ance check, for example.

FIG. 11 is a diagram for explaining an issue of the present
invention and is a top view showing an FET including gate
electrodes 103_1to 103_4, source electrodes 104_1t0104_3,
and drain electrodes 105_1 to 105_2. In the FET shown in
FIG. 11, one unit FET is composed of one gate electrode
103_1, and the source electrode 104_1 and the drain electrode
105_1 thatare disposed to sandwich the gate electrode 103_1.
A plurality of the unit FETs are arranged in parallel. Here, a
region operating as an FET is referred to as an operating
region 106. Regions other than the operating region 106 are
processed such that semiconductor crystals are destroyed by
ion implantation and the like to prevent current from flowing.

In the FET shown in FIG. 11, the drain electrode 105_1,
which is positioned between the adjacent gate electrodes
103_1 and 103_2, and the source electrode 104_2, which is
positioned between the adjacent gate electrodes 103_2 and
103_3, are formed of a continuous electrode film. In this case,
even when an abnormal growth portion 109 is present under
the region where the drain electrode 105_2 is formed, the
abnormal growth portion 109 is hidden by the drain electrode
105_2, thereby not enabling detection of existence of the
abnormal growth portion from appearance. Accordingly,
there has been an issue that an FET including an abnormal
growth portion in the operating region 106 cannot be removed
by an appearance check.

Solution to Problem

A semiconductor apparatus according to the present inven-
tion includes: a substrate; an epitaxial layer that is formed on
the substrate; and a gate electrode, a source electrode, and a
drain electrode that are formed on the epitaxial layer. The
source electrode and the drain electrode each include at least
two first divided electrodes that are formed to extend in par-
allel to each other in a first direction, an inter-electrode dis-
tance between the first divided electrodes is greater than or
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equal to a radius of an abnormal growth portion formed on a
surface of the epitaxial layer, and widths of the first divided
electrodes are less than or equal to the radius of the abnormal
growth portion.

In the semiconductor apparatus according to the present
invention, the inter-electrode distance between the first
divided electrodes is greater than or equal to the radius of the
abnormal growth portion formed on the surface of the epi-
taxial layer. Therefore, the abnormal growth portion is
exposed to outside at a gap between the divided electrodes
that constitute the source electrode and the drain electrode.
This enables easy detection of the abnormal growth portion
by an appearance check, thereby easily removing a semicon-
ductor apparatus including an abnormal growth portion in an
operating region.

A method for making a semiconductor apparatus accord-
ing to the present invention includes; forming an epitaxial
layer on a substrate; and forming each of a gate electrode, a
source electrode, and a drain electrode on the epitaxial layer.
In the forming of the gate electrode, the source electrode, and
the drain electrode, at least two first divided electrodes that
extend in parallel to each other in a first direction are formed
for each of the source electrode and the drain electrode, an
inter-electrode distance between the first divided electrodes is
greater than or equal to a radius of an abnormal growth
portion formed on a surface of the epitaxial layer, and widths
of'the respective first divided electrodes are less than or equal
to the radius of the abnormal growth portion.

In the method for making the semiconductor apparatus
according to the present invention, the inter-electrode dis-
tance between the first divided electrodes is greater than or
equal to the radius of the abnormal growth portion formed on
the surface of the epitaxial layer. Therefore, the abnormal
growth portion is exposed to outside at a gap between the
divided electrodes that constitute the source electrode and the
drain electrode. This enables easy detection of the abnormal
growth portion by an appearance check, thereby easily
removing a semiconductor apparatus including an abnormal
growth portion in an operating region.

Advantageous Effects of Invention

According to the present invention, it is possible to provide
a semiconductor apparatus and a method for making the
semiconductor apparatus that are capable of easily removing,
by an appearance check, a semiconductor apparatus includ-
ing an abnormal growth portion in an operating region.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A is a cross-sectional diagram showing a semicon-
ductor apparatus according to a first embodiment;

FIG. 1B is a top view showing an arrangement of a gate
electrode, a source electrode, and a drain electrode of the
semiconductor apparatus according to the first embodiment;

FIG. 2A is a diagram showing an exemplary advantage of
the semiconductor apparatus according to the first embodi-
ment;

FIG. 2B is a diagram showing an exemplary advantage of
the semiconductor apparatus according to a comparative
example;

FIG. 3A is a diagram showing an exemplary advantage of
the semiconductor apparatus according to the first embodi-
ment;

FIG. 3B is a diagram showing an exemplary advantage of
the semiconductor apparatus according to a comparative
example;
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FIG. 4 is a top view showing another arrangement of gate
electrodes, source electrodes, and drain electrodes of the
semiconductor apparatus according to the first embodiment;

FIG. 5 is cross-sectional diagram showing another
example of a semiconductor apparatus according to the first
embodiment;

FIG. 6 is a top view showing an arrangement of agate
electrode, a source electrode, and a drain electrode of the
semiconductor apparatus according to a second embodiment.

FIG. 7 is a top view showing an arrangement of the gate
electrode, the source electrode, and the drain electrode of the
semiconductor apparatus according to the second embodi-
ment.

FIG. 8A is a diagram showing an exemplary advantage of
the semiconductor apparatus according to the first embodi-
ment;

FIG. 8B is a diagram showing an exemplary advantage of
the semiconductor apparatus according to a comparative
example;

FIG. 9 is a top view showing another arrangement of gate
electrodes, source electrodes, and drain electrodes of the
semiconductor apparatus according to this embodiment;

FIG. 10 is a diagram explaining an abnormal growth por-
tion formed on an epitaxial film; and

FIG. 11 is a diagram for explaining an issue of the present
invention.

DESCRIPTION OF EMBODIMENTS

First Embodiment

Hereinafter, embodiments of the present invention are
explained with reference to the drawings. FIGS. 1A and 1B
are diagrams for explaining a semiconductor apparatus
according to a first embodiment of the present invention. FIG.
1A is a cross-sectional diagram taken along the line IA-IA of
FIG. 1B. FIG. 1B is a top view showing an arrangement of
agate electrode, a source electrode, and a drain electrode of
the semiconductor apparatus according to this embodiment.

As shownin FIG. 1A, the semiconductor apparatus accord-
ing to this embodiment includes a substrate 1, an epitaxial
layer 2 that is formed on the substrate 1, a gate electrode 3, a
source electrode 4, and a drain electrode 5 that are formed on
the epitaxial layer 2. The semiconductor apparatus according
to this embodiment is an Field Effect Transistor (FET), for
example.

When the epitaxial layer 2 is made from a GaN based
material, an SiC substrate, a sapphire substrate, an Si sub-
strate, a GaN substrate, a GaAs substrate and the like can be
used for the substrate 1. Note that the substrate in this speci-
fication indicates a single crystal substrate. The substrate 1
can be determined according to the epitaxial layer 2 formed
on the substrate 1. A case is explained below in which an SiC
substrate is used for the substrate 1 and GaN is formed as the
epitaxial layer 2. However, any combination of materials can
be used as a material of the substrate 1 and the epitaxial layer
2 as long as the epitaxial layer 2 can be formed on the sub-
strate 1 and an abnormal growth portion is formed on the
surface of the epitaxial layer.

Here, an abnormal growth portion is an abnormal growth
portion formed depending on growth conditions when the
epitaxial layer 2 is grown on the substrate 1, for example. The
abnormal growth portion 103 has a rounded hexagon shape,
and the abnormal growth portion 103 has a diameter of about
40 pm or greater when approximated to a circle, depending on
the growth conditions though. The thickness of the abnormal
growth portion 103 is about 50 to 100 nm from the surface of
the GaN film 102 (see FIG. 10). Note that a radius and a
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diameter of the abnormal growth portion in this specification
indicate a radius and a diameter of a circle to which the
hexagon abnormal growth portion is approximated. More-
over, under the same growth conditions for the epitaxial layer
2, an abnormal growth portions having almost the same size
are formed on one wafer and on wafers that are processed in
different batches.

Possible causes of forming the abnormal growth portion
103 are a defect (micropipe) in the substrate 1 where the
epitaxial layer 2 is grown and abnormal growth around a
minute dust adhered during the growth. The abnormal growth
portion could be formed on a GaN film that is epitaxially
grown on an Si substrate and a sapphire substrate and on an
SiC film that is epitaxially grown on an SiC substrate. Note
that the above-mentioned size ofthe abnormal growth portion
is an example, and the present invention can be used to an
abnormal growth portion of the size other than the one men-
tioned above.

The source electrode 4 and the drain electrode 5 are formed
to sandwich the gate electrode 3. As shown in FIG. 1B, the
source electrode 4 includes divided electrodes (first divided
electrodes) 4_1 and 4_2 that extend in parallel to the longi-
tudinal direction of the gate electrode (a first direction) and a
connecting electrode 4_3 that connects the divided electrodes
4_1and 4_2. Here, a pitch between the divided electrode 4_1
and the divided electrode 4_2 shall be referred to as Ps, a
width of the divided electrode 4_1 shall be referred to as Wsl,
and a width of the divided electrode 4_2 shall be referred to as
Ws2.

The drain electrode 5 includes divided electrodes (first
divided electrodes) 5_1 and 5_2 that extend in parallel to the
longitudinal direction of the gate electrode and a connecting
electrode 5_3 that connects the divided electrodes 5_1 and
5_2. Here, a pitch between the divided electrode 5_1 and the
divided electrode 5_2 shall be referred to as Pd, a width of the
divided electrode 5_1 shall be referred to as Wd1, and a width
of the divided electrode 5_2 shall be referred to as Wd2.
Further, as shown in FIG. 1B, a region operating as an FET is
referred to as an operating region 6. Regions other than the
operating region 6 are processed such that semiconductor
crystals are destroyed by ion implantation and the like to
prevent current from flowing.

In the semiconductor apparatus according to this embodi-
ment, the inter-electrode distance Ps between the divided
electrodes 4_1 and 4_2 of the source electrode 4 is greater
than or equal to a radius of an abnormal growth portion
formed on the surface of the epitaxial layer 2, and widths Ws1
and Ws2 of the respective divided electrodes 4_1 and 4_2 are
less than or equal to the radius of the abnormal growth por-
tion. Moreover, the inter-electrode distance Pd between the
divided electrodes 5_1 and 5_2 of the drain electrode is
greater than or equal to the radius of the abnormal growth
portion formed on the surface of the epitaxial layer 2, and the
widths Wd1 and Wd2 of the respective divided electrodes 5_1
and 5_2 are less than or equal to the radius of the abnormal
growth portion. Then, in this embodiment, it is possible to
easily remove, by an appearance check, a semiconductor
apparatus including an abnormal growth portion in an oper-
ating region.

That is, in the FET shown in FIG. 11, the drain electrode
105_1, which is positioned between the adjacent gate elec-
trodes 103_1 and 103_2, and the source electrode 104_2,
which is positioned between the adjacent gate electrodes
103_2 and 103_3, are formed of a continuous electrode film.
In this case, even when an abnormal growth portion 109 is
present under the region where the drain electrode 105_2 is
formed, the abnormal growth portion 109 is hidden by the
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drain electrode 105_2, thereby not enabling detection of
existence of the abnormal growth portion from appearance.
That is, an appearance check of the abnormal growth portion
109 recognizes and detects the contrast of a circumference
line of the abnormal growth portion 109. However, the abnor-
mal growth portion 109 is a 50 to 100 nm GaN layer formed
to protrude, thus when covered with a thick source electrode
or drain electrode, the contrast will be unclear. Hence, there
has been a problem that an FET including an abnormal
growth portion in an operating region cannot be removed by
an appearance check.

To that end, in the semiconductor apparatus according to
this embodiment, the inter-electrode distance Ps between the
divided electrodes 4_1 and 4_2 of the source electrode 4 is
greater than or equal to a radius of an abnormal growth
portion formed on the surface of the epitaxial layer 2. Further,
the inter-electrode distance Pd between the divided electrodes
5_1 and 5_2 of'the drain electrode 5 is greater than or equal to
the radius of the abnormal growth portion formed on the
surface of the epitaxial layer 2. Then, as shown in FIG. 2A,
when an abnormal growth portion 9 having a radius r is
formed between the divided electrode 4_1 and the divided
electrode 4_2 of the source electrode 4, in the invention
according to this embodiment, the inter-electrode distance Ps
between the divided electrode 4_1 and the divided electrode
4_2 is sufficiently large. Thus, a part of the abnormal growth
portion 9 is exposed to outside, enabling easy detection of the
abnormal growth portion 9 by an appearance check.

Meanwhile, as shown in a comparative example of FIG.
2B, even with the divided electrodes 4_1 and 4_2 that are
provided, when the inter-electrode distance Ps is small, a part
of the epitaxial layer exposed to outside will be smaller,
making it difficult to check existence of an abnormal growth
portion from appearance. Therefore, in the invention accord-
ing to this embodiment, the inter-electrode distance Ps
between the divided electrode 4_1 and the divided electrode
4_2 is greater than or equal to a radius of an abnormal growth
portion. This enables easy detection of the abnormal growth
portion by an appearance check. FIGS. 2A and 2B illustrate
the source electrode, however this applies to the drain elec-
trode as well.

In addition to the above-mentioned conditions, in the semi-
conductor apparatus according to this embodiment, the
widths Ws1 and Ws2 of the respective divided electrodes 4_1
and 4_2 are less than or equal to a radius of an abnormal
growth portion, and the widths Wd1 and Wd2 of the divided
electrodes 5_1 and 5_2 are less than or equal to the radius of
the abnormal growth portion. Accordingly, as shown in FIG.
3A, when the abnormal growth portion 9 having a radius r is
formed to overlap the divided electrode 4_1 of the source
electrode 4, the width Ws of the divided electrode 4_1 is small
and a part of the abnormal growth portion 9 is exposed to
outside, enabling easy detection of the abnormal growth por-
tion 9 by an appearance check.

Meanwhile, as shown in a comparative example of FIG.
3B, with the wide width Ws1 of the divided electrode 4_1 of
the source electrode 4, when the abnormal growth portion 9
having a radius r is formed to overlap the divided electrode
4_1, a part of the abnormal growth portion 9 exposed to
outside will be small, making it difficult to check existence of
the abnormal growth portion from appearance. Therefore, as
in the invention according to this embodiment, the widths
Ws1 and Ws2 of the respective divided electrodes 4_1 and
4_2 are less than or equal to a radius of an abnormal growth
portion. This enables easy detection of the abnormal detec-
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tion portion by an appearance check. FIGS. 3A and 3B illus-
trate the source electrode, however this applies to the drain
electrode as well.

Note that Patent Literature 1 explained in Background Art
discloses a technique relating to a high power transistor that is
capable of reducing drain-to-source capacitance by dividing a
drain electrode into two. However, in the technique disclosed
in Patent Literature 1, when a pitch between two drain elec-
trodes is small, it is difficult to check existence of an abnormal
growth portion from appearance. Patent Literature 2 discloses
a technique in which drain electrodes and source electrodes
are formed in lattice to reduce parasitic capacitance in the
drain electrodes and the source electrodes. However, in the
technique disclosed in Patent Literature 2, when a pitch of the
lattice is small, it is difficult to check existence of an abnormal
growth portion from appearance.

Next, other aspect of the semiconductor apparatus accord-
ing to this embodiment is explained. FIG. 4 is a top view
showing another arrangement of gate electrodes, source elec-
trodes, and drain electrodes of the semiconductor apparatus
according to this embodiment. In an FET shown in FIG. 4,
one unit FET is composed of one gate electrode 13_1, and the
source electrode 14_1 and the drain electrode 15_1 that are
disposed to sandwich the gate electrode 13_1. A plurality of
the unit FETs are arranged in parallel. Moreover, a region
operating as an FET is referred to as an operating region 16.
Regions other than the operating region 16 are processed such
that semiconductor crystals are destroyed by ion implantation
and the like to prevent current from flowing.

The gate electrode includes electrodes 13_1, 13_2, 13_3,
and 13_4, a connecting electrode 13_5 that connects these
electrodes, and an electrode pad 13_6. Moreover, the source
electrode includes divided electrodes 14_1, 14_2,14_3, and
14_4, and an electrode pad 14_6. The drain electrode includes
divided electrodes 15_1,15_2,15_3, and 15_4, a connecting
electrode 15_5 that connects these divided electrodes, and an
electrode pad 15_6.

In the semiconductor apparatus shown in FIG. 4, an inter-
electrode distance Ps between the divided electrodes 14_2
and 14_3 of the source electrode is greater than or equal to a
radius of an abnormal growth portion formed on a surface of
an epitaxial layer, and widths Ws1 and Ws2 of the respective
divided electrodes 14_2 and 14_3 are less than or equal to the
radius of the abnormal growth portion. Moreover, an inter-
electrode distance Pd between the divided electrodes 15_1
and 15_2 of the drain electrode is greater than or equal to the
radius of the abnormal growth portion formed on the surface
of'the epitaxial layer, and widths Wd1 and Wd2 of'the respec-
tive divided electrodes 15_1 and 15_2 are less than or equal to
the radius of the abnormal growth portion. These conditions
are the same for other unit FET. Note that a pitch between the
divided electrodes and widths of the divided electrodes may
be arbitrarily specified for each divided electrode as long as
the above-mentioned conditions are satisfied.

For example, when a radius of an abnormal growth portion
is 20 pum, the inter-electrode distance Ps between the divided
electrodes 14_2 and 14_3 of the source electrode is 60 pum, the
widths Ws1 and Ws2 of the respective divided electrodes
14_2 and 14_3 are 15 pm, the inter-clectrode distance Pd
between the divided electrodes 15_1 and 15_2 of the drain
electrode is 60 um, the widths Wd1 and Wd2 of'the respective
divided electrodes 15_1 and 15_2 are 15 um, a pitch between
the gate electrode 13_2 and the divided electrode 15_2 of the
drain electrode is 5 um, and a pitch between the gate electrode
13_2 and the divided electrode 14_2 of the source electrode is
5 um. This applies to other unit FET.
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Also in the semiconductor apparatus shown in FIG. 4, the
abnormal growth portion included in the operating region can
be easily detected by an appearance check.

Next, the case is explained in which the invention accord-
ing to this embodiment is applied to a High Electron Mobility
Transistor (HEMT). FIG. 5 is a cross-sectional diagram for
explaining an HEMT transistor according to this embodi-
ment.

As shown in FIG. 5, the HEMT transistor according to this
embodiment includes a silicon substrate 21, a channel layer
22 formed on the silicon substrate 21, a barrier layer 24 that is
formed on the channel layer 22 and supply electrons to the
channel layer 22, a two-dimensional electron gas layer
(2DEG) 23 formed by heterojunction of the channel layer 22
and the barrier layer 24, a source electrode 26 and a drain
electrode 27 that come into ohmic contact with the barrier
layer 24, and a gate electrode 25 that is formed between the
source electrode 26 and the drain electrode 27 and comes into
Schottky contact with the barrier layer 24.

For example, i-GaN (i indicates intrinsic semiconductor
not containing impurities) can be used for the channel layer
22. Further, the channel layer 22 may be a multilayer structure
containing not only i-GaN but also i-Al(Ga)N, i-In(Ga)N and
the like. For example, i-Al, Ga,_,N (x=0.1-0.4) or n-AlGaN
doped with highly-concentrated Si may be used for the barrier
layer 24 formed on the channel layer 22. The barrier layer 24
supplies electrons to the channel layer 22. Then, by hetero-
junction of the channel layer 22 and the barrier layer 24, the
two-dimensional electron gas layer (2DEG) is formed in an
interface between the channel layer 22 and the barrier layer
24. The channel layer 22 and the barrier layer 24 are epitaxi-
ally grown on the silicon substrate 21. Note that in FIG. 5, a
nucleation layer and the like which ease crystal dislocation
are not shown.

Further, on the barrier layer 24, the source electrode 26 and
the drain electrode 27, which come into ohmic contact with
the barrier layer 24, are formed. Electrons flow from the
source electrode 26 to the drain electrode 27 via the two-
dimensional electron gas layer 23. The source electrode 26
and the drain electrode 27 are composed of an ohmic elec-
trode such as Ti/Al and a wiring electrode such as Ti/Pt/Au.
Moreover, the gate electrode 25 that comes into Schottky
contact with the barrier layer 24 is formed between the source
electrode 26 and the drain electrode 27 on the barrier layer 24.
The gate electrode 25 can be formed using Ni/Au, for
example.

Next, a method for making the semiconductor apparatus
according to this embodiment is explained (see FIGS. 1A and
1B). The method for making the semiconductor apparatus
according to this embodiment includes forming the epitaxial
layer 2 on the substrate 1 and forming the gate electrode 3, the
source electrode 4, and the drain electrode 5 on the epitaxial
layer 2. In forming each of the gate electrode 3, the source
electrode 4, and the drain electrode 5, at least two divided
electrodes 4_1 and 4_2 and at least two divided electrodes
5_1 and 5_2 that extend in parallel to each other in the first
direction are formed respectively for the source electrode 4
and the drain electrode 5. Further, the inter-electrode dis-
tances Ps and Pd between the divided electrodes are greater
than or equal to a radius of an abnormal growth portion
formed on the surface of the epitaxial layer 2, and widths of
the divided electrodes are less than or equal to the radius of the
abnormal growth portion.

As explained above, by the invention according to this
embodiment, it is possible to provide a semiconductor appa-
ratus and a method for making the semiconductor apparatus
that are capable of, by an appearance check, easily removing
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a semiconductor apparatus including an abnormal growth
portion in an operating region.
Second Embodiment

Next, a second embodiment of the present invention is
explained. A difference of this embodiment from the semi-
conductor apparatus according to the first embodiment is that
an arrangement of gate electrodes, source electrodes, and
drain electrodes is a lattice pattern. Other configuration is the
same as the semiconductor apparatus according to the first
embodiment, thus the repeated explanation shall not be pro-
vided here.

FIG. 6 is a top view showing an arrangement of agate
electrode, a source electrode, and a drain electrode of the
semiconductor apparatus according to the second embodi-
ment. As shown in FIG. 6, a source electrode 34 and a drain
electrode 35 are formed to sandwich a gate electrode 33. The
source electrode 34 includes divided electrodes 34_1 and
34_2 that extend in parallel to the longitudinal direction of the
gate electrode 33 (a first direction), at least two divided elec-
trodes 34_3 and 34_4 (second divided electrodes) that extend
toward a direction to cross the divided electrodes 34_1 and
34_2 (a second direction), and a connecting electrode 34_5
that connects the divided electrodes 34_1 and 34_2. Here, a
pitch between the divided electrodes 34_1 and 34_2 shall be
referred to as Ps11, a width of the divided electrode 34_1 shall
be referred to as Wsl1, and a width of the divided electrode
34_2 shall be referred to as Ws12. Moreover, a pitch between
the divided electrode 34_3 and the divided electrode 34_4
shall be referred to as Ps21, a width of the divided electrode
34_4 shall be referred to as Ws21, and a width of the divided
electrode 34_4 shall be referred to as Ws22.

The drain electrode 35 includes divided electrodes 35_1
and 35_2 that extend in parallel to the longitudinal direction
of the gate electrode 33, at least two divided electrodes 35_3
and 35_4 (second divided electrodes) that extend toward a
direction to cross the divided electrodes 35_1 and 35_2 (a
second direction), and a connecting electrode 35_5 that con-
nects the divided electrodes 35_1 and 35_2. Here, a pitch
between the divided electrodes 35_1 and 35 _2 shall be
referred to as Pd11, a width of the divided electrode 35_1
shall be referred to as Wd11, and a width of the divided
electrode 35_2 shall be referred to as Wd12. Further, a pitch
between divided electrode 35_3 and 35_4 shall be referred to
as Pd21, a width of the divided electrode 35_3 shall be
referred to as Wd21, and a width of the divided electrode 35_4
shall be referred to as Wd22. Note that FIG. 6 illustrates the
case in which the first direction is orthogonal to the second
direction, however the first direction and the second direction
may only cross each other and not limited to being orthogonal
to each other.

As described above, in the semiconductor apparatus
according to this embodiment, the source electrode 34 and the
drain electrode 35 are formed in lattice. Then, the inter-elec-
trode distance Ps11 between the divided electrodes 34_1 and
34_2 of the source electrode 34 is greater than or equal to a
radius of an abnormal growth portion formed on a surface of
an epitaxial layer, and widths Ws11 and Ws12 of the respec-
tive divided electrodes 34_1 and 34_2 are less than or equal to
the radius of the abnormal growth portion. Moreover, the
inter-electrode distance Ps21 between the divided electrodes
34_3 and 34_4 of the source electrode 34 is greater than or
equal to the radius of the abnormal growth portion formed on
the surface of the epitaxial layer, and the widths Ws21 and
Ws22 of the respective divided electrodes 34_3 and 34_4 are
less than or equal to the radius of the abnormal growth por-
tion. Furthermore, at least one of the inter-electrode distance
Ps11 between the divided electrodes 34_1 and 34_2 and the
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inter-electrode distance Ps21 between the divided electrodes
34_3 and 34_4 is greater than or equal to a diameter of the
abnormal growth portion.

In addition, the inter-electrode distance Pd11 between the
divided electrodes 35_1 and 35_2 of the drain electrode 35 is
greater than or equal to the radius of the abnormal growth
portion formed on the surface of the epitaxial layer, and the
widths Wd11 and Wd12 of the respective divided electrodes
35_1 and 35_2 are less than or equal to the radius of the
abnormal growth portion. Further, the inter-electrode dis-
tance Pd21 between the divided electrodes 35_3 and 35_4 of
the drain electrode 35 is greater than or equal to the radius of
the abnormal growth portion formed on the surface of the
epitaxial layer, and the widths Wd21 and Wd22 of the respec-
tive divided electrodes 35_3 and 35_4 are less than or equal to
the radius of the abnormal growth portion. Furthermore, at
least one of the inter-electrode distance Pd11 between the
divided electrodes 35_1 and 35_2 and the inter-electrode
distance Pd21 between the divided electrodes 35_3 and 35_4
is greater than or equal to a diameter of the abnormal growth
portion.

The semiconductor apparatus shown in FIG. 6 is the case in
which the inter-electrode distances Ps21 and Pd21 of the
divided electrodes that are parallel to the second direction are
greater than or equal to the diameter of the abnormal growth
portion. Meanwhile, the semiconductor apparatus shown in
FIG. 7 is the case in which the inter-electrode distances Ps11
and Pd11 of the divided electrodes that are parallel to the first
direction are greater than or equal to the diameter of an
abnormal growth portion.

In the semiconductor apparatus according to this embodi-
ment, the source electrodes and the drain electrodes are
formed to satisfy the above-mentioned conditions. This
exposes apart of an abnormal growth portion 39 having a
radius r to outside, as shown in FIG. 8A for example, and
enables easy detection of the abnormal growth portion 39 by
an appearance check. Here, FIG. 8 A shows the case in which
the inter-electrode Ps11 between the divided electrodes 34_1
and 34_2 is greater than or equal to a radius of an abnormal
growth portion, and the inter-electrode Ps21 between the
divided electrodes 34_3 and 34_3 is greater than or equal to a
diameter of the abnormal growth portion.

On the other hand, as shown in a comparative example of
FIG. 8B, in the case of not satisfying the condition in which at
least one of the inter-electrode distance Ps11 between the
divided electrodes 34_1 and 34_2 and the inter-electrode
distance Ps21 between the divided electrodes 34_3 and 34_4
is greater than or equal to the radius of the abnormal growth
portion, the abnormal growth portion 39 will be covered with
the divided electrode, thereby not enabling detection of the
abnormal growth portion 39 by an appearance check. Here,
FIGS. 8A and 8B show the source electrode, however this
applies to the drain electrode as well.

Next, other aspect of the semiconductor apparatus accord-
ing to this embodiment is explained. FIG. 9 is a top view
showing another arrangement of gate electrodes, source elec-
trodes, and drain electrodes of the semiconductor apparatus
according to this embodiment. In an FET shown in FIG. 9,
one unit FET is composed of one gate electrode, and a gate
electrode and a drain electrode formed to sandwich the gate
electrode. A plurality of the unit FET are arranged in parallel.
Moreover, a region operating as an FET is referred to as an
operating region 46. Regions other than the operating region
46 are processed such that semiconductor crystals are
destroyed by ion implantation and the like to prevent current
from flowing.
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The gate electrode includes a plurality of electrodes 43_1,
a connecting electrode 43_2 that connects these electrodes,
and an electrode pad 43_3. Further, the source electrode
includes divided electrodes 44_1, 44_2, 44_3, the divided
electrodes 44_4, 44_5 and 44_6 that are orthogonal to the
divided electrodes 44_1,44_2 and 44_3, and an electrode pad
44_7. The drain electrode includes divided electrodes 45_1,
45_2, 45_3, the divided electrodes 45_4, 45_5 and 45_6 that
are orthogonal to the divided electrodes 45_1,45_2 and 45_3,
a connecting electrode 45_7 that connects the divided elec-
trodes 45_1,45_2, and 45_3, and an electrode pad 45_8.

Then, the inter-electrode distance Psl1l between the
divided electrodes 44_1, 44_2, and 44_3 of the source elec-
trode is greater than or equal to a radius of an abnormal
growth portion formed on a surface of an epitaxial layer, and
widths ofthe divided electrodes 44_1, 44_2, and 44_3 areless
than or equal to the radius of the abnormal growth portion.
Moreover, the inter-electrode distance Ps21 between the
divided electrodes 44_4, 44_5, and 44_6 of the source elec-
trode is greater than or equal to the radius of the abnormal
growth portion formed on the surface of the epitaxial layer,
and widths of the divided electrodes 44_4,44_5,and 44_6 are
less than or equal to the radius of the abnormal growth por-
tion. Furthermore, at least one of the inter-electrode distance
Ps11 between the divided electrodes 44_1, 44_2, and 44_3
and the inter-electrode distance Ps21 between the divided
electrodes 44_4, 44_5, and 44_6 is greater than or equal to a
diameter of the abnormal growth portion. In the example
shown in FIG. 9, the inter-electrode distance Ps21 between
the divided electrodes 44_4, 44_5, and 44_6 is greater than or
equal to the diameter of the abnormal growth portion.

In addition, the inter-electrode distance Pd11 between the
divided electrodes 45_1, 45_2, and 45_3 of the drain elec-
trode is greater than or equal to the radius of the abnormal
growth portion formed on the surface of the epitaxial layer,
and widths of the divided electrodes 45_1,45_2,and 45_3 are
less than or equal to the radius of the abnormal growth por-
tion. Further, the inter-electrode distance Pd21 between the
divided electrodes 45_4, 45_5, and 45_6 of the drain elec-
trode is greater than or equal to the radius of the abnormal
growth portion formed on the surface of the epitaxial layer,
and widths of the divided electrodes 45_1,45_2,and 45_3 are
less than or equal to the radius of the abnormal growth por-
tion. Furthermore, at least one of the inter-electrode distance
Pd11 between the divided electrodes 45_1, 45_2, and 45_3
and the inter-electrode distance Pd21 between the divided
electrodes 45_4, 45_5, and 45_6 is greater than or equal to a
diameter of the abnormal growth portion. In the example
shown in FIG. 9, the inter-electrode distance Pd21 between
the divided electrodes 45_4, 45_5, and 45_6 is greater than or
equal to the diameter of the abnormal growth portion. These
conditions are the same for other unit FET.

For example, when a radius of an abnormal growth portion
is 20 pum, the inter-electrode distance Ps11 between the
divided electrodes 44_1, 44_2, and 44_3 of the source elec-
trode is 25 pm, the inter-electrode distance Ps21 between the
divided electrodes 44_4, 44_5, and 44_6 is 45 um, the widths
of the divided electrodes 44_1 and 44_2 are 15 um, and the
widths of the divided electrodes 44_3,44_4,44 5, and 44_6
are 10 um. Additionally, the inter-electrode distance Pd11
between the divided electrodes 45_1, 45_2, and 45_3 of the
drain electrode is 25 pm, the inter-electrode distance Pd21
between the divided electrodes 45_4, 45_5, and 45_6 is 45
um, the widths of the divided electrodes 45_1 and 45_2 are 15
pm, and the widths of the divided electrodes 45_3, 45_4,
45_5, and 45_6 are 10 um.

10

15

20

25

30

35

40

45

55

60

65

12

Note that a pitch between the divided electrodes and widths
of'the divided electrodes may be arbitrarily specified for each
divided electrode as long as the above-mentioned conditions
are satisfied. Moreover, the divided electrodes 44_4, 44_5,
and 44_6 of the source electrode are not necessarily orthogo-
nal to the divided electrodes 44_1, 44_2, and 44_3, but may
be provided to obliquely cross the divided electrode 44_1,
44_2 and 44_3. Similarly, the divided electrodes 45_4,45_5,
and 45_6 of the drain electrode are not necessarily orthogonal
to the divided electrodes 45_1, 45_2, and 45_3, but may be
provided to obliquely cross the divided electrode 45_1,45_2,
and 45_3.

Also in the semiconductor apparatus shown in FIG. 9, an
abnormal growth portion included in an operating region can
be easily detected by an appearance check. Therefore, accord-
ing to the invention set forth in this embodiment, it is possible
to provide a semiconductor apparatus and a method for mak-
ing the semiconductor apparatus that are capable of easily
removing, by an appearance check, a semiconductor appara-
tus including an abnormal growth portion in an operating
region.

Moreover, in the semiconductor apparatus according to the
first embodiment, the drain electrode and the source elec-
trodes are divided into a plurality of divided electrodes. Thus,
density of current flowing into one divided electrode
increases, which possibly degrades the electrodes due to elec-
tromigration. However, in the semiconductor apparatus of
this embodiment (in particular, a configuration of the semi-
conductor apparatus shown in FIG. 9), the drain electrodes
and the source electrodes are formed in lattice, thereby reduc-
ing the density of current flowing into one divided electrode
and thus suppressing degradation of the electrodes due to
electromigration. Further, phase shift in signals between the
divided electrodes can be eliminated. Furthermore, in the
semiconductor apparatus according to this embodiment, the
source electrodes and the drain electrodes are formed to sat-
isfy the above-mentioned conditions to thereby enable easy
removal of a semiconductor apparatus including an abnormal
growth portion in an operating region by an appearance
check.

Note that the present invention is not limited to this
embodiment but can be changed appropriately without
departing from the scope. In the first and second embodiment,
the inter-electrode distances Ps and Pd, Ps 11 and Pd 11 of the
first electrodes are greater than or equal to a radius of an
abnormal growth portion, however the inter-electrode dis-
tance of the first divided electrodes may be greater than or
equal to % of a diameter of the abnormal growth portion, for
example. Moreover, in the second embodiment, the inter-
electrode distances Ps21 and Pd21 of the second divided
electrodes are greater than or equal to a radius of an abnormal
growth portion, however, the inter-electrode distance of the
second divided electrodes may be greater than or equal to %4
of'a diameter of the abnormal growth portion, for example. In
this way, by the inter-electrode distance of the divided elec-
trodes that is greater than or equal to ¥4 of the diameter of the
abnormal growth portion, it is possible to correctly remove a
semiconductor apparatus including an abnormal growth por-
tion in an operating region.

Although the present invention has been explained accord-
ing to the above-mentioned embodiments, it is not limited to
the configuration of the above-mentioned embodiments and
various modification, correction, and combination, obvious
to those skilled in the art, within the scope of the invention set
forth in claims of the present application.

The present application claims priority rights of and is
based on Japanese Patent Application No. 2011-096929 filed
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on Apr. 25, 2011 in the Japanese Patent Office, the entire
contents of which are hereby incorporated by reference.

REFERENCE SIGNS LIST

1 SUBSTRATE

2 EPITAXIAL LAYER

3 GATE ELECTRODE

4 SOURCE ELECTRODE

5 DRAIN ELECTRODE

6 OPERATING REGION

4_1, 4 2 DIVIDED ELECTRODE
4_3 CONNECTING ELECTRODE
5_1,5_2 DIVIDED ELECTRODE
5_3 CONNECTING ELECTRODE
9 ABNORMAL GROWTH PORTION

The invention claimed is:

1. A semiconductor apparatus comprising:

a substrate;

an epitaxial layer that is formed on the substrate; and

a gate electrode, a source electrode, and a drain electrode

that are formed on the epitaxial layer,

wherein the source electrode and the drain electrode each

include at least two first divided electrodes that are
formed to extend in parallel to each other in a first
direction, the at least two first divided electrodes of the
source electrode being disposed on one side of the gate
electrode and the at least two first divided electrodes of
the drain electrode being disposed on another side of the
gate electrode that is opposite the one side, an inter-
electrode distance between the first divided electrodes is
greater than or equal to a radius of an abnormal growth
portion formed on a surface of the epitaxial layer, and
widths of the first divided electrodes are less than or
equal to the radius of the abnormal growth portion.

2. The semiconductor apparatus according to claim 1,
wherein

the source electrode and the drain electrode each further

include at least two second divided electrodes that are
formed to extend in parallel to each other in a second
direction, the second direction crosses the first divided
electrodes, an inter-electrode distance between the sec-
ond divided electrodes is greater than or equal to the
radius of the abnormal growth portion, widths of the
second divided electrodes are less than or equal to the
radius of the abnormal growth portion, and at least one of
the inter-electrode distance between the first divided
electrodes and the inter-electrode distance between the
second divided electrodes is greater than or equal to a
diameter of the abnormal growth portion.

3. The semiconductor apparatus according to claim 2,
wherein the inter-electrode distance between the second
divided electrodes is greater than or equal to ¥4 of the diam-
eter of the abnormal growth portion.

4. The semiconductor apparatus according to claim 2,
wherein the abnormal growth portion has a hexagon shape on
the surface of the epitaxial layer, and the radius of the abnor-
mal growth portion is aradius of a circle to which the hexagon
shape is approximated.

5. The semiconductor apparatus according to claim 2,
wherein the epitaxial layer contains GaN.

6. The semiconductor apparatus according to claim 2,
wherein the substrate is any one of an SiC substrate, a sap-
phire substrate, an Si substrate, a GaN substrate, and a GaAs
substrate.
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7. The semiconductor apparatus according to claim 2,
wherein the radius of the abnormal growth portion is 20 pum or
greater.

8. The semiconductor apparatus according to claim 1,
wherein the abnormal growth portion has a hexagon shape on
the surface of the epitaxial layer, and the radius of the abnor-
mal growth portion is a radius of a circle to which the hexagon
shape is approximated.

9. The semiconductor apparatus according to claim 8,
wherein the epitaxial layer contains GaN.

10. The semiconductor apparatus according to claim 8,
wherein the substrate is any one of an SiC substrate, a sap-
phire substrate, an Si substrate, a GaN substrate, and a GaAs
substrate.

11. The semiconductor apparatus according to claim 1,
wherein the epitaxial layer contains GaN.

12. The semiconductor apparatus according to claim 1,
wherein the substrate is any one of an SiC substrate, a sap-
phire substrate, an Si substrate, a GaN substrate, and a GaAs
substrate.

13. The semiconductor apparatus according to claim 1,
wherein the radius of the abnormal growth portion is 20 pum or
greater.

14. The semiconductor apparatus according to claim 1,
wherein a plurality of electrode sets are arranged in parallel,
each of the plurality of electrode sets including the gate elec-
trode, and the source electrode and the drain electrode that
sandwich the gate electrode.

15. The semiconductor apparatus according to claim 1,
wherein the inter-electrode distance between the first divided
electrodes is greater than or equal to %4 of the diameter of the
abnormal growth portion.

16. The semiconductor apparatus according to claim 1,
wherein

the epitaxial layer comprises:

a channel layer;

a barrier layer that is formed on the channel layer and
supplies electrons to the channel layer; and

a two-dimensional electron gas layer that is formed by
heterojunction of the channel layer and the barrier
layer,

the source electrode and the drain electrode are formed to

come into ohmic contact with the barrier layer, and

the gate electrode is formed to come into Schottky contact

with the barrier layer.

17. The semiconductor apparatus according to claim 16,
wherein the channel layer is made from i-GaN, and the barrier
layer is made from i-Al Ga,_ N(x=0.1 to 0.4).

18. A semiconductor apparatus comprising:

a substrate;

an epitaxial layer that is formed on the substrate; and

a gate electrode, a source electrode, and a drain electrode

that are formed on the epitaxial layer,

wherein the source electrode and the drain electrode each

include at least two first divided electrodes that are
formed to extend in parallel to each other in a first
direction, the at least two first divided electrodes of the
source electrode being disposed on one side of the gate
electrode and the at least two first divided electrodes of
the drain electrode being disposed on another side of the
gate electrode that is opposite the one side, an inter-
electrode distance between the first divided electrodes is
greater than or equal to a radius of an abnormal growth
portion formed on a surface of the epitaxial layer, and
widths of the first divided electrodes are less than or
equal to the radius of the abnormal growth portion, and
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the at least two first divided electrodes of the source elec-
trode are disposed in relation to each other without the
gate electrode or the drain electrode being disposed
between the at least two first divided electrodes of the
source electrode, and

the at least two first divided electrodes of the drain elec-
trode are disposed in relation to each other without the
gate electrode or the source electrode being disposed
between the at least two first divided electrodes of the
drain electrode.

19. A method for making a semiconductor apparatus com-

prising:

forming an epitaxial layer on a substrate; and

forming each of a gate electrode, a source electrode, and a
drain electrode on the epitaxial layer,

wherein in the forming of the gate electrode, the source
electrode, and the drain electrode, at least two first
divided electrodes that extend in parallel to each other in
a first direction are formed for each of the source elec-
trode and the drain electrode, the at least two first divided
electrodes of the source electrode being formed on one
side of the gate electrode and the atleast two first divided
electrodes of the drain electrode being formed on

15

20

16

another side of the gate electrode that is opposite the one
side, an inter-electrode distance between the first
divided electrodes is greater than or equal to a radius of
an abnormal growth portion formed on a surface of the
epitaxial layer, and widths of the first divided electrodes
are less than or equal to the radius of the abnormal
growth portion.

20. The method according to claim 19, wherein
at least two second divided electrodes that extend in paral-

lel to each other in a second direction are formed for each
of the source electrode and the drain electrode, the sec-
ond direction crosses the first divided electrodes, an
inter-electrode distance between the second divided
electrodes is greater than or equal to the radius of the
abnormal growth portion, widths of the second divided
electrodes are less than or equal to the radius of the
abnormal growth portion, and at least one of the inter-
electrode distance between the first divided electrodes
and the inter-electrode distance between the second
divided electrodes is greater than or equal to a diameter
of the abnormal growth portion.
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